shallow. Therefore, the probability of the bubble coalescence over the distributor is less than that of the Houghton et al.'s case, because the circulation of the liquid in the apparatus makes bubbles easy to apart each other. This fact is recognized when the porous plate distributor is used for liquid of group A and C in the bubble column with continuous liquid flow.
Summary
Bubbles which have been just generated from the porous plate are small and have an equal size, but sometime coalescence of these small bubbles occurs at a location slightly removed from the distributor, where the gas holdup is very large. Therefore, large and wide size distribution of bubbles are observed. This occurs easily in pure water and pure solvents. The surface active substances in water and solvents obstruct this coalescence of bubbles.
In concentrated inorganic salt solutions, this obstruction is also recognized.
For the extreme cases when no coalescence is observed and the coalescence occurs at the maximumrate, the correlations of the average bubble diameter and the conditions of bubble generation This paper presents the correlations on the masstransfer coefficients for gas absorption and desorption based on Eq. (l) of aw and confirms the applicability of those to the vaporization of water and the gas absorption into organic solvents.
Furthermore, its applicability to the distillation in packed columns is also discussed.
I. Liquid-side Mass Transfer Coefficient : kL 1 à" 1 Gas absorption and desorption with water
The &l a data for gas absorption into water and desorpton from water reported in the Iiterature3'6ll2'16>18'2()>24l27'28) are divided by aw of Eq. (1). The kL thus obtained are correlated as well as that in our previous paper12>18) by Correlation of liquid-phase data for gas absorption and desorption by using water 
The exponent of Rbl in Eq. (2) coincides with that derived on the wetted area basis by Krevelen-Hoftijzer26) and Fujita-Hayakawa3), and also is nearly equal to 0.61 of that derived by Norman11}in a model apparatus.
Furthermore, the gas absorption of CO2into water added a surfactant in packed columnwas carried out to confirm the applicability of Eq. (2) for various inter facial. area. Such absorption data have been reported by Hikita7).
In this work, a non-foaming surfactant, NewpolPE-61f, were used and the surface tensions of solutions were 47 dynes/cm. The kLa data obtained give smaller values than are obtained with water as well as in the literature7>36). This effect of addition of surfactant may result from the two phenomena à"the reduction of liquid mixing at the junction of packing pieces as pointed out by Hikita7) and the inter facial resistance with increase in concen-T Sanyo-Kasei Co., Ltd.
VOL.1 NO.1 1968 tration of surfactant.
The kL calculated from these data are compared with those obtained by water in Fig,1 in which the data for a=47 dynes/cm, in this work and 42 dynes/cm, in the literature7) deviate pretty from Eq. (2).
1.2 Gas absorption by organic solvent Many investigation on the gas absorption in packed column have been carried out by using water as an absorbent. However, there are so far only a few data5>13>28) on the gas absorption by organic solvent. In the present work, the gas absorption of pure CO2
into methanol and carbon tetrachloride were carried out.
The columns used were 6-and 12cm I. D. and packed with 10~25mmRaschig rings, Berl saddles, spheres and rods for 20~30cm height. The mass transfer results are given in Table 1 2. Gas-side Mass Transfer Coefficient : kG 2.1 Absorption The Izgci data for gas absorption reported in the literature1>8ll5>16'17'30'32) are divided by aw calculated from Eq. (l).
The ko thus obtained are shown in Fig. 3 as a plot of {kGRT/atDG)/{^G/pGDGyn UA,) "2 0 vs. modified data10'21>23'30) for vaporization because of the difficulties in the experimental techniques, as shown in Fig.4 , in which kGa for air-water system are plotted against the gas massvelocity, G, for 1-in. Raschig rings. To ascertain their results, the rates of vaporization were measured for air-water system under the condition of adiabatic process-i. e, constant temperature of water.
5? ) correlates almost all of the data for vaporization as well as gas absorption, but for 1/2-in. sphere the constant of Eq.(3) might be changed into 2.00 as described in the section of absorption.
Applicability for Distillation
Distillations in the packed column have been studied by many investigators.
Most of them, however, have reported the H. E. T. P. which is theoretically unfavorable, or H. T. U., assuming that the slope of the equilibrium line and the physical properties of mixture is constant through out the packed column. Yoshida-Koyanagi30) have discussed the applicability of HG and HL derived for gas absorption to the distillation in a packed column. Actually, the distillation process is equimolar counter diffusion, while the gas absorption or vaporization is unidirectional, but this difference in this case may have little effect on the individual mass transfer coefficients.
In gas absorption, it is reasonable to obtain the average film coefficient in a packed column, but in the distillation column it is meaningless, because the temperature and concentration of mixture differ greatly at each point 60 through the column. From this point of view, Sawistowski19) reported the relation of Hog vs. x. In the present work, using the point values of ka and hh calculated :from Eqs. (3) and (2) for gas absorption and gas-liquid inter facial area from Eq. (l), the height of packings was calculated by the following equation. 
Conclusion
Assuming that the wetted surface area evaluated by Eq. (l) is identical with the gas-liquid inter facial area, the mass transfer^coefficients in packed columns on the gas It was found that the difference between the mass transfer data for absorption and that for vaporization is quite small and practically could be neglected. Thus, Eq. (3) for gas absorption is also applicable to the vaporization process within ±30%error. For the liquid-side mass transfer coefficient, Eq. (2) is applicable within ±20% error to the columns packed with Raschig rings, Berl saddles, spheres and rods, and irrigated with organic solvents as well as water systems of higher surface tension than about 50 dynes/cm.
For the distillation in packed columns, it was ascertained that the resistance in both phases should be taken into account, and the height of packing could be evaluated by Eq. (6) However, it is difficult to apply these theories to the processes in a packed column, because the individual mass transfer coefficients and the inter facial area can not be estimated strictly at present.
The assumption that the wetted surface in packings is identical with the gas-liquid interface is not only convenient for estimation of the area but also reasonable for mass transfer between gas and liquid phases. In our previous papers11>12\ the correlations for aw, ko and kL were derived as follows : ajat = 1 -exp{-1.45UWU5aW
(Vat/pL2g)~Q^(L2/pLaaty-2} koR T/atDo 
In this paper, the applicability of the film theory18) of gas absorption with second order reaction to the absorption of NaOHwere irrigated over the packings after heating in the thermostat tank which was controlled at 30±l°C. Air from a blower and carbon dioxide from a cylinder were fed to the bottom of the packed column after the gas mixture waswell mixed and saturated with water vapor. The CO2content in the air was controlled by a reducing valve at the CO2cylinder. The partial pressure of the solute gas, p, was maintained constant in each run
